Background and Aims In dioecious species male and female plants experience different selective pressures and often incur different reproductive costs. An increase in reproductive investment habitually results in a reduction of the resources available to other demands, such as vegetative growth. Tree-ring growth is an integrative measure that tracks vegetative investment through the plant's entire life span. This allows the study of gender-specific vegetative allocation strategies in dioecious tree species thoughout their life stages.
INTRODUCTION
Reproduction is expensive to plants and is often inversely correlated with vegetative growth, indicating that both biological functions compete for the same resources (Harper, 1977; Koenig and Knops, 1998) . Plants may compensate for reproductive efforts by improving physiological performance, reducing the number of reproductive events or reducing resources allocated to growth and maintenance (Obeso, 2002) . Detection of reproductive costs in the short term might be difficult due to physiological compensation mechanisms (Obeso and Retuerto, 2002) ; therefore, longterm cumulative variables such as tree-ring width are widely used as a proxy of vegetative investment in woody plants (e.g. Obeso, 1997; Silvertown and Dodd, 1999) .
However, little attention has been given to the effect of reproduction on tree-ring growth in dioecious species. Costs of reproduction are age-specific and reproductive investment is variable during plants' lives (Silvertown and Dodd, 1999) . Furthermore, plants of different sexes might incur different reproductive costs and thus present different trade-offs between reproduction and growth and develop different resource-use strategies (Obeso, 2002) . Thus, little attention has been drawn to the interaction between age and gender in dioecious species and most investigations have not estimated how tree-ring growth varies with size or age at all (Silvertown and Dodd, 1999; but see Bañuelos and Obeso, 2004) .
The seasonal scale of resource investment can play a significant role in gender-specific resource allocation. In dioecious species males incur their maximum reproductive effort at the time of flower production. Once pollen is shed, males do not need to invest more resources into current reproduction. In contrast, the main reproductive effort for females starts once the ovules are pollinated because fruit maturation and ripening is a costly task compared with flower production (Verdú and García-Fayos, 1998; Obeso, 2002) . Thus, in the short-term, males and females are expected to manage available resources differently. The relationship between tree-ring growth and precipitation from previous months can help us to discern how the different sexes manage resource availability, becauseprecipitation is a proxy of resource availability in semi-arid environments that is positively correlated with tree-ring growth in most species (Cherubini et al., 2003; Austin et al., 2004) .
Juniperus thurifera is a dioecious tree inhabiting high mountain, semi-arid areas. Flowering occurs during February, and female cone growth and ripening takes 20 months. Tree-ring growth in this species has been reported to be positively correlated with precipitation from the previous year (Bertaudière et al., 1999) . Pavón-García (2005) sampled cores from J. thurifera individuals of different reproductive stages and determined that reproductive maturity in this species started at the age of 31 6 3Á6 years (n = 223). These characteristics make J. thurifera particularly appropriate to study relationships between age and gender-specific reproductive trade-offs and climate in stem growth.
The objectives of the research were to determine the effect of reaching sexual maturity in tree-ring growth of each gender of the dioecious tree J. thurifera, and to detect the resource-use strategies developed to deal with reproductive demands by each gender. More specifically, we wanted to answer the following questions regarding resource investment. (a) When-does sexual maturity affect tree ring growth? (b) How much-do reproductive females differ from males in vegetative investment? (c) How-do climatic relations between precipitation and ring growth reveal gender specific resource allocation strategies?
MATERIALS AND METHODS

Study species
Juniperus thurifera L. (Cupressaceae) is a dioecious, longlived tree with relict distribution from the Tertiary throughout the western Mediterranean basin. It is usually the dominant species in high-elevation, low-density forests with a semi-arid climate. Trees are 5-10 m high and often live for centuries (Bertaudière et al., 1999) . Trees reach sexual maturity at the age of 31 6 3Á6 years (n = 223; Pavón-García, 2005) . Reproductive output varies strongly from year to year; male and female trees flower at the end of the winter period and following winter pollination females produce reproductive cones over a period of 20 months, after which seed dispersal occurs (Amaral-Franco, 1986 ; P. García-Fayos, pers. obs.). Gauquelin et al. (2002) found that males grew significantly more than females when comparing the ring-widths of three males and three females from Morocco (t-test, P < 0Á01); however in that population females were close to being significantly taller (P = 0Á056) than male trees.
Study site
The study was performed at La Puebla de San Miguel, Valencia, Spain. The study site covers approx. 30 ha and is located at 1500 m a.s.l. Vegetation is dominated by J. thurifera trees of different ages, with a tree density of 423 ha À1 . Vegetation covers less than 40 % of the rocky soil surface, while the rest of the open spaces have only ephemeral herbaceous vegetation-lichens and sparse Thymus and Genista plants. The mean height (n = 40) of male trees (4Á73 6 0Á84 m) was greater than female trees (4Á63 6 0Á83 m). However, the difference between the sexes was not significant (F = 0Á14; P = 0Á71). The climate is Mediterranean, but with harsh winters (the duration of the freezing period is more than 120 d year À1 ) and warm and dry summers. Mean annual precipitation is 486 mm, with October the wettest month (58Á6 mm) and July the driest (26Á86 mm). Annual mean temperature is 13 C, with August the warmest month (mean 22Á8 C) and January the coldest (mean 4Á8 C). Winter precipitation is usually in the form of snow, and accounts for 21 % of the total precipitation. The study area has been used for agriculture, timber and extensive livestock grazing for centuries. Narrow valleys were tilled for rye and barley until land abandonment in 1960 (Rodrigo, 1999) . In recent times, reforestation has occurred due to human abandonment of traditional land uses as a consequence of social and economic changes (Lasanta, 1996) , although livestock grazing pressure is still noticeable (D. Montesinos, pers. obs.).
Tree-ring and statistical analysis
Logging of the study site in October 2001 provided the opportunity to obtain discs of J. thurifera from 14 male and 14 female trees. The trees were are representative of the variability in age and size of the studied population. Whole discs from the bottom of the trunk were collected and polished for tree-ring growth measurements. Two ringseries were selected on each disc and ring-widths were measured to the nearest 0Á01 mm using an incremental measuring table. The tree-ring series were visually crossdated and synchronized with each other by calculating the 'Gleichläufigkeit' coefficient (GLK %; Eckstein and Bauch, 1969 ) and the t-value after Baillie and Pilcher (1973) . Cross-dating was verified statistically using the COFECHA program (Holmes, 1994) . Despite difficulties while cross-dating due to the presence of double and missing rings, 11 males and 12 female trees were exactly dated and then used to build chronologies. Two chronologies were made for both the male and female trees: one non-detrended raw-data, and one detrended residual. The non-detrended raw-data chronologies were used to test for differences in growth between male and female trees. The climatic influence on tree growth was studied using the residual version of the chronology, obtained by the program ARSTAN (Holmes, 1994) . In this program, the individual raw tree-ring series were standardized in a twostep procedure to remove most of the low-frequency variability that is assumed to be unrelated to climate, such as that due to tree ageing and forest stand development (Cook and Peters, 1981) . First, the long-term trend was removed by fitting a negative exponential function or a regression line to each tree-ring series. Second, a more flexible detrending was made by a cubic smoothing spline with a 50 % frequency response of 30 years to reduce further non-climatic variance. After that, autoregressive modelling of the residuals and bi-weight robust estimation of the mean were applied to construct residual chronologies (Cook and Peters, 1981) . Residual chronologies are commonly used in dendroclimatic studies because removal of serial autocorrelation is required to analyse the effects of year-to-year climatic variability on tree growth.
Differences between non-detrended ring growth data from male and female trees were tested with SPSS 11Á00 with a General Mixed Model with an autoregressive covariance structure of order one. This model permits the study of time-series accounting for temporal autocorrelations among continuous rings from the same tree. Two statistical analyses were made, one testing for differences between sexes among the first 30 years of life of each tree and another testing for differences among the following 120 years, once sexual maturity is achieved (Pavón-García, 2005) .
To test for climatic effects both for male and female trees, bootstrapped correlation functions (Guiot, 1991) were computed using the software DENDROCLIM2002 (Biondi and Waikul, 2004) . In each case, the residual chronology was used as an independent variable. Since residual chronologies do not preserve the effects of previous years, the regressors were, separately, seasonal precipitation and temperature from summer and autumn of the previous growing season and winter, spring, summer and autumn of the year in which the ring was formed.
RESULTS
Male and female trees grew increasingly more every year until an approximate age of 30. From that point, ring width decreased gradually in both sexes. However, this reduction was significantly steeper for females, resulting in greater overall ring widths for males compared with female trees (Fig. 1 and Table 1 ). Mean age of sampled trees was 152 674 years (range 47-328).
On an annual basis, climate from the current and previous year (precipitation and temperature) accounts for a high proportion of the variance in tree-ring widths for both sexes (r = 0Á72 and 0Á73 for males and females, respectively). Intra-annually, however, males showed a different growth response than females. Male growth was significantly correlated with current winter and spring precipitation (r = 0Á30 and 0Á31, respectively) whereas female growth was only significantly correlated to current spring precipitation (r = 0Á38; Fig. 2) . Temperature from the current year was also correlated with tree-ring width but there was no difference between the sexes. Current winter temperatures correlated positively with tree-ring width for both sexes (r = 0Á23 and 0Á27 for males and females, respectively; Fig. 3) . In contrast, current summer temperatures correlated negatively with tree-ring width for both sexes (r = À0Á31 and À0Á25 for males and females respectively).
DISCUSSION
Sexual maturity marks a change-point in J. thurifera tree-ring growth pattern. When reproduction starts, ring growth experiences a strong reduction for individuals of both sexes. Switching of resources between stem growth and reproduction is characteristic of Northern Hemisphere conifers (Koenig and Knops, 1998) and J. thurifera is no exception. Furthermore, the trade-off between the reproductive and the vegetative function is sexually-biased, with females experiencing a stronger reduction in stem growth than males. In the only other work known to us in which the interaction between gender, age of reproduction and stem growth was studied, a similar trade-off in the dioecious, insect-pollinated, Rhamnus alpinus was found (Bañuelos and Obeso, 2004) . In J. thurifera, stem diameter is positively correlated with tree height (data not shown) and thus tree-ring growth is a good proxy for tree height. Males of anemophilous (wind-pollinated) species such as J. thurifera experience a stronger selective pressure than females to increase tree height, since taller males may produce more pollen (Obeso, 2002) and may disperse pollen over longer distances, thereby attaining greater pollination success (Burd and Allen, 1988) . In contrast, females do not benefit directly from increased height but do need to accumulate resources during periods of low reproductive investment in order to be able to grow and ripen reproductive cones during the following two years (Obeso, 2002) .
Water limitation can limit nutrient availability (Austin et al., 2004) particularly in Mediterranean environments where precipitation and temperature are the main determinants of tree-ring growth (Cherubini et al., 2003) . Previous studies have found a positive relationship between current year ring growth and previous year precipitation in J. thurifera (Bertaudière et al., 1999) . However, in our study, both sexes were analysed separately. Although yearly growth patterns in relation to climatic conditions are very similar for both sexes, growth patterns differ when seasonal (i.e. within-year) patterns are studied, and as far as we know this is the first work in which gender-specific climatic correlations have been found. In the only other study known to us in which gender-specific climatic correlations were examined (Rovere et al., 2003) , correlations between annual tree-ring growth and seasonal climatic variables did not differ between male and female trees of the conifer Austrocedrus chilensis. In J. thurifera, at the seasonal temporal scale, male trees present a significant positive correlation between tree-ring growth and both current winter and current spring precipitation. This indicates that males are investing a high proportion of their winter-and spring-available resources to growth and not to reproduction, since male cones are fully developed at the end of the winter. In contrast, current female growth correlates only with current spring precipitation. This would suggest that females do not use current winter precipitation for current vegetative growth but rather that they allocate resources for subsequent cone maturation, and only surplus resources from current spring precipitation are used for current growth. Contrary to our findings, correlations between annual growth and seasonal climatic variables did not differ between male and female trees of the conifer Austrocedrus chilensis in the only other work known by us in which gender-specific correlations were studied (Rovere et al., 2003) . As far as we know, this is the first work describing a differential ring growth response to climatic variation between male and female plants.
We suggest that male and female trees of J. thurifera have to deal with different selective pressures. Males would benefit from an increase in vegetative investment, since this could increase their reproductive success. On the other hand, females need to store resources to guarantee provisioning for cone maturation. Thus, and responding to the questions asked in the title, it is shown that male trees invest more resources to growth than female trees only after reaching sexual maturity, and in a different temporal way.
